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A. LANGUAGE. FOR CALCULATING THE ORIENTATION OF A SPACECRAFT

P.-K, Kazakova

and
A. K. Platonov
U‘.S.S.R.
One of ‘the importaht aspects for guidance in space is the ‘/1*‘~

'orlentatlon of the spacecraft in. the process of executlng correc-
T e e --ga———'—‘*'. s,

tion operations, photographlng the planet (s c1ent1f1c experl—,'}ﬁ

.ments, et al. It is necessary to make calculatlons deflnable by
the#type of maneuver of the spacecraft -and by the characterlstlcs i
of its orlentatlon system. These calculatlons can be performed .
both by ground . methods and also 1ndependently ‘ | '

' . A calculation of the orientation parameters can be: wﬂ ;;%}

p——

Il o
‘rather dcomplex because information processing depending on the

,partlcularltles of a spe01flc spacecraft and on the&type‘of

‘maneuver is required. Forrreal time calculatlon condltlons

the softwarenused must permltﬂkthe requlred variations to be

.in the orlentatlon dlrectlons, a change of the stars along which _j

orlentatlon is performed, a variation 1n the quantlty and set of

deflnlng characterlstlcs, et al.

In this connection there appears the need for constructlng a
definite mathematlcal language for descrlblng the orlentatlon

parameters and the process for calculatrng»them.

- *Numbers in the margin indicate pagination in the foreign text.



The existence of a language assumes, above all, the existence
of an "alphabet,” i.e., such isoclated, elementary concepts froﬁ
which it is possible to put together any parts into a whole. 1In
the proposed work an attempt is made to compile a catalogue of

such concepts ; relatlve to the operatlons Wthh 1t 1s neces—” - ,;_m

sary to perform for determining the orientation parameters.'

"~ The~ 0peratlons of the language “constitute such a:system of concepts

T T T T 2

The orientation parameters include'elemehtary variables with
which one is obliged to operate when compiling programs on a
digital computer. Angle, axis,'coordlnate system, and others are -

~examples of orientation parameters

The language operations define the actione that can be

~generated over similar parameters.

- The basic-operationS'of the language arise from the following
circumstance. When orienting a spacecraft one is practically
obliged “to. allgn 'the dlrectlonswunderstood in a coordinate
system associated w1th the craft's body with the directions
understood in an absolute coordlnatesystem For example, the
directions of the telescopes with the dlrectlons to the sun and
to a star, the directions of the jet thrust with the direction of

the correctlve inpulse, and others. After such “afl ‘alighment the“"v__f‘

coupled coordinate system occuplescompletely adeflned position
'in space (perhaps with an accuracy to one degree of freedom).
Therefore, the concept’ of'allgnment of vectors is the basic o

concept of the proposed language. For thls.purpose it is neces-
sary, in order to realize it, ;ﬁrrétffto;qunf;how to locate the
" vectors which must be' combined, and:;secohda&to'khoﬁ“how to
_ialigh_them.__It turns out that it is p0531ble to- construct_a”'___w—?

set of operations. solving this problem.
; ° =



The operations of the desctibed language, according. to thei;
degree of complexity, are produced on several leﬁels. Operations
over vectors -belong to the simplest operations:‘%éﬁiléfﬁégﬁﬂﬂﬁ
vector product; rotation of ‘a vector‘afoﬁhaa vectcr at a given
‘angle and others. These 51mplest operatlons are used 1n opera—f‘
tions of the next level. ' ‘

The next 1evel of. operatlons corresponds to actlons performed
when executing one or another maneuver of the spacecraft. To /3
these‘operatlons‘belong: the determlnatlon of the angle of
rotation in the plane and on a’ccﬁer”the operation'of aliqn:fiﬂf
ment vthe determlnatlon of two [handwrltten. and three] angles of
a sequentlal turn. The last level is dlrectly connected with the

“type:; of maneuver. ; ‘ :

In the proposed language the completeness of the operations

at each level is ‘preserved, in the sense that they allow‘all‘the
".openations‘ef the‘}hiéﬁéﬁynlevel to be executed. The highest

level is open, in the-sense that one may expand it when there

appear new tasks whlch were not foteseen in tne language.
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The characteristics of the proposed language for describing
the operatlon of orlentlng a spacecraft in space is determined by
the operations of the hlghest level .~ None of the lower levels

reflect these characterlstlcs and. they can be con51dered as an

expansion of- any algcrlthmlc language-ln the dlrectlon of a descrlptlon
of geometrical objects and operatlons ‘over them in three-

dlmenslonalaspace.

As an example we w111 cons1der the operation of constructing
a vector on a cone.. ThlS operatlon is ba51c for fulfllllng the .
concept of lccatlng vectors for their “subsequent allgnment



A cone is given witn<axis'of rotation and a_given apex’
angle. In addition, a vector 1is glven, in general not lying on
the cone. By means of thls operation such a vector is determined
which lies on the cone and is located at a given-angular‘ﬂistence‘

from the original vector. Theiproblem has two solutions. They

In the article an example is presented of the use of a
language for calculating the orientation of the Venera Automatic
'Interplanetary Space Statlon. Fof this station there is.a des-
cription of the pr1nc1p1es for constructing svstems for orlentatlon

and correction in the article of Prof. Raushenbakh [1].

The problem of determlnlng the angles of turn in order to /4

obtain a required orlentatlon frcm the point of view of the
language descrlbed reduces to an. operation of allgnment of the .
dlrectlons to the sun, a star, and of the direction of the correct-
ive impulse (which are understood in an absolute coordinate
‘system) with the directions of the sighting’ axes of the solar

and astro- sensor and of the rocket thrust (Whlch are plotted in
the combined coordlnate system). The use of the concept of

'rotatlons of vectors and coordinate systems for the purpose

'_ of allgnlng directions permits the computatlon algorithm to be

ea31ly described. Only four language operations have to be
performed to determine the desired angles of turn.

The proposed group of language. operetions permit us to -
formalize our thoughts and to reglster the necessary actions in.
a concise form, By means of these operatlcns it is p0551ble to

solve a large range of problems connected with the orlenteglon of

any body in space. The language described hes now -‘been wEkitten

in autocode and run on a BESM-type digital computer (21 ..
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Some Operations of the Language

Level I

Transformation of a Vector (TV)
‘Transformation of a Coordinate System (TCS)
Transposition (TRAN)

Scalar Product (SCAL)

Vector Product (VECT)

Level IT

Construction of a Combined Coordinate System (CCS)
‘Orthogonalization (ORTH)
Construction of a Vector (COV)

Rotation of a Vector around a Vector (RVV)
Level III

Determination of the‘Angle of Rotation on a Cone and in the Plane
(DARC, DAP) | '

Aligament. .(ALIG) >, |

Determination of the Secondary Angle;ﬁxfga Sequential Rotation
(S5R)

Determination of the Tertiary Angles of a Sequential Turn (TSR)



Rotation of a Vector around a Vector (RVV)

._\;\treated according to the 'operation RVV [ f_ ’-‘5&3‘}) ; B C *]-*f"

A T b i e b -

Order of Operations:
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Construction of a Vector /7

e, o
.r_x( Xz]

Order of Actlons

:1 ;JE.;_:, \' _.—, -“ A +82 +D2 .—-_- - ______
Y= A,,'+A2)(4"
1% D

— | 81 ‘*‘TB-;,_)Q
/\3“ D
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Determination of the Angle of Rotation on a Cone (DARC) /8

(treated according to the operation 'DAI{C ;[— " 6 _ . .:" ({)
¢ o " ,/ ';iOy 10* ! C,d- Ty
i o L -

Order. of Action: o
; P o
¢ 3 .
1. scaLj Lo, o rLo ;j
. rr . '

2.“-SCAL¥
L

i
5. Covi[

-‘,‘

6. UMP*!
;

* B I - ' L LT
Translator's note: Expansion not é;r/.l.‘\f_e_f}_-t\;
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Calculation of the Orientation of the VeneraAutomatic Station /10

‘ V1 .sm 6 sin Ac-i S G
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Calc
ulation of the Orlentatlon of the Venera- Automatic Statien {Qont T
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Calculation of the Orientation of the Venera Automatigc Station '}tConcl})
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Computatlon of the Orlentatlon of thereneraAutomatlc Station /11
by Means of the Language Operatlons

2. 'DARC ifrﬁ‘

Vo2, (z -m!R) (z mé) dzﬂ

4, Choice of Solutlon

3. COMB

(-)

-from the angles § that solution is chosen.for whlch

~K°® - X .0 i=1, 2

k 5. SSR[(Z_E_A@) (X"ﬁ'ﬁ )@a x{t) P/O.

5y ;-‘Rh* -
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6. Ch01ce of Solutlon
‘ L”“"from—the_angles w(-L—there —4s-—selected 02 < b < 1802, ..
" " " (1} no e " 0° < Y < 180°.. '
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